Reinforced concrete composite slab consists of a thin prefabricated slab in which span reinforcement is located and of concrete joined with the slab, with such concrete being laid on site. The existence of a joint of two concretes in such floors is interpreted as introducing a contact layer into a monolithic slab. In the paper parameters of two models are estimated. The first is a model of a contact layer and the second is a model of a composite slab with a single degree of freedom. The models consider that the contact has elastic properties and inelastic properties causing energy dissipation. Experimental investigations are discussed further based on which the parameters values of the contact layer model were determined. Delamination was experienced for the slabs characterised by low contact layer stiffness after applying a maximum load. In addition, the strains of a contact layer having low stiffness are accompanied by lower energy dissipation than of a layer with high stiffness. The smaller stiffness of composite floors, as compared to monolithic floors, occurs as a consequence of the existence of a joint. Such decrease for a composite slab is interpreted in the model with a single degree of freedom as the serial connection of stiffness of a monolithic slab and an element considering the existence of a contact layer. The stiffness of an element considering the existence of a contact layer decreases along with a load, and the elements corresponding to the higher stiffness of the contact layer are characterised by higher energy dissipation. The aforementioned results of the investigations confirm the assumptions of the contact layer model and a composite slab model with a single degree of freedom. The findings made represent a basis for establishing a method of evaluating the condition of a joint in composite slabs according to statistical investigations.
I
Reinforced-concrete composite slabs consist of two concrete layers: a thin prefabricated slab in which span reinforcement is located and of the concrete joint being laid on site [1] . Decisive for the load capacity of freely supported composite slabs is mainly the ability to transmit horizontal shear forces by a joint of two layers of concrete [2] . The purpose of the paper is to estimate the parameters of the two models: a model of a joint and the parameters of a composite slab with a single degree of freedom. In order to assess the joint's ability to transmit longitudinal shear forces in composite slabs, it is fundamental to know the values of such parameters.
The article mentions a model of joint of a prefabricated element with concrete laid on site in a single-span slab established in [3] and a model of a reinforced-concrete composite slab with a single degree of freedom described in [4] . The laboratory tests of six single-span slabs are next described, i.e. of five dual-layer slabs and of one monolithic slab. The results of such slabs' tests are a basis for estimating the parameters of the models.
K    
A model of a reinforced-concrete composite slab assumes [3] [4] , that the slab is made up of three layers: a bottom layer represented by a prefabricated element, a top layer represented by concrete laid on site and a contact layer (Fig. 1a ). In this model, a contact layer is assigned the characteristics reflecting the phenomena occurring in a joint of a prefabricated slab with concrete laid on site.
B 
Provided below are the most important notations referring to the stiffness and energy dissipation parameters in the model of contact layer, model of composite concrete floor [4] and parameters determined experimentally: k q,w,el , k q,w, f r−int , -stiffness of element in model of contact layer body representing: linear and elastic properties, elastic and frictional properties, k q,w,z , k q,w,x -substitute stiffness of contact layer body under growing load, resultant stiffness of contact layer body, k q,w -stiffness of the contact layer, determined experimentally, is equivalent to the substitute stiffness k q,w,z (when the load is growing) or resultant stiffness k q,w,x (determined experimentally on basis of hysteresis loop), -the smallest area of rectangle into which the loops of area ψ Q,m and ψ Q,w,m can be inscribed. * The point is meant as a point in the middle of the slab's span where the force Q is applied.
The parameters to be determined experimentally during the tests carried out on composite and monolithic floors are: k q,w , k Q,m , k Q,w,m , χ Q,m , χ Q,w,m . The value of other parameters can be determined based on the parameter values identified in the tests.
C  
A mechanical model of a body describing a contact layer is represented by the serial connection of a linear-elastic element and an elastic-frictional element (Fig. 1b) . The linear-elastic element is characterised by the stiffness k q,w,el . The elastic-frictional element under the growing load is characterised by the stiffness k q,w, f r−int , but does not exhibit any deformations under the decreasing load.
A body describing a contact layer under a growing load, as the serial connection of two stiffnesses, is characterised by the following substitute stiffness and under a decreasing load, by the stiffness k q,w,el . A hysteresis loop is created in the cycle of loading and unloading with its diagonal representing the resultant stiffness k q,w,x (Fig. 2a) . The distribution of horizontal displacements of the bottom layer relative to the top layer caused by the deformations of the contact layer under the growing load in a freely supported slab loaded with a concentrated force (Fig. 2b ) is described by a harmonic function [3] (2.2)
with its amplitude of 3q/k q,w,z . In the equation (2.2), b signifies slab width, q signifies horizontal shear force determined as the quotient V /z, where V is vertical force, z -an arm of internal forces of the reinforced-concrete section being bent, E c -the elasticity modulus of the top and bottom layer, h g -height of the top layer, l -span, x -a coordinate according to Fig. 2b . Fig. 2c shows the distribution of displacements for the top layer relative to the bottom layer for the different stiffnesses k q,w,z . In contrast to the models of elastic plastic materials [5] , in which the hysteresis loop is formed after the exhaustion elastic range, the material model adopted takes into account the presence of permanent deformation at low loads. relative to the top layer in a freely supported slab.
M         
A model of a reinforced-concrete composite slab with a single degree of freedom combines a model of a monolithic slab with a single degree of freedom and an element describing the influence of the contact layer. A model of a monolithic slab is represented by the parallel connection of a linearelastic element characterised by the stiffness k Q,m,el and of an elastic -frictional element describing internal friction. The elastic -frictional element, under the growing load, is characterised by the stiffness k Q,m, f r−int , and it does not exhibit any displacements under a decreasing load. The monolithic slab model, in a full loading and unloading cycle, generates a hysteresis loop with the area of ψ Q,m and is featuring the resultant stiffness k Q,m,x (Fig. 3a) . A hysteresis loop of the monolithic slab model can be inscribed into a rectangle with the area of
where ∆Q is a variation of the loading force and ∆y is displacement caused by such a variation (Fig. 3a) . The quotient
is an energy dissipation coefficient of the monolithic slab model. An element describing the influence of the contact layer, by reference to the model of a body describing the contact layer, consists of the serial connection of the linear-elastic element with the stiffness k Q,w,el and of an elastic-frictional element. The stiffness elastic-frictional element under the growing load is k Q,w, f r−int , and does not exhibit displacements under the decreasing load (Fig. 3b) . The area of a hysteresis loop of the element describing the influence of the contact layer equals ψ Q,w , and a diagonal of the rhomb describing the hysteresis of this element corresponds to the stiffness k Q,w,x (Fig. 3b) . A model of a reinforced-concrete composite slab with a single degree of freedom combining a model of a monolithic slab and an element describing the influence of the contact layer (Fig. 4) in a full loading and unloading cycle is characterised by the area of the hysteresis loop of (2.5)
The area can be inscribed into a rectangle with the area of V Q,w,m and an energy dissipation coefficient of the composite slab model can be determined
where V Q,w,m is the area of the rectangle into which a loop was inscribed with the area of ψ Q,w,m . An energy dissipation coefficient in the element describing the influence of the contact layer χ Q,w , by assuming that k Q,w,x >>k Q,m,x , is determined as follows
The diagonal of a figure with the area of ψ Q,w,m corresponds to the resultant stiffness of the composite slab model and is (Fig. 4 )
N    
The calculations of a linear and elastic MES model were performed in [4] using disc elements, of a composite slab consisting of the three layers: the bottom layer with the height of h d =0.07 m, the top layer with the height of h g =0.11 m and the contact layer with the stiffness k q,w . Slab stiffness in the point of application of force (k Q,w,m ) was obtained as a result of calculations for the model of a single-span, freely supported composite slab loaded in the centre of the span with the force Q (Fig. 5a ), as the following quotient:
where y Q,w,m signifies the deflection of the composite slab in the point of application of force Q. The stiffness of a composite slab in the point (k Q,w,m ) was decreasing as the stiffness of the contact layer (k q,w ) was decreasing. As a result of the same calculations for a monolithic slab with the height h=0.18 m, its stiffness in the point of application of force Q k Q,m was obtained as the following quotient
where y Q,m signifies the deflection of a monolithic slab in the point of application of force Q. The stiffness of the element describing the influence of the contact layer k Q,w was determined according to the following equation and the relationships (2.9) and (2.10) as
The relationship between the stiffness of the contact layer (k q,w ) and the stiffness of the element describing the influence of the contact layer (k Q,w ), for the bottom and top layer material characterised by the modulus E c =40 GPa, is shown in Fig. 5b . It was noted that the relationship between k q,w and k Q,w , within the stiffness range k q,w of 5·10 8 N/m 2 to 5·10 11 N/m 2 for the considered model of slabs can be interpolated with an exponential function (Fig. 5b). (2.13) k Q,w = 1.5 · k q,w 0.8 .
R 
The purpose of the research was the estimation of the parameters of a contact layer model and a composite slab model. The research was designed in such a way as to determine contact layer stiffness (k q,w ), composite slab stiffness in the point of application of force Q (k Q,w,m ), monolithic slab stiffness in the point of application of force Q (k Q,m ) and the component stiffness of the slab describing the influence of the contact layer (k Q,w ). In addition, energy dissipation coefficients for composite slabs (χ Q,w,m ) and a monolithic slab (χ Q,m ) were determined during the research.
R 
The research was made for six freely supported slabs, each 3300 mm long, b = 590 mm wide, h = 180 mm high with the span length of l = 3000 mm. The following five slabs, i.e. P1, P3, P4, P5, P6 were composite slabs, and one, P2, was a monolithic slab. The height of the composite slabs' top layer (h g ) was 110 mm and the bottom (h d ) 70 mm. Span reinforcement of each slab consisted of six ribbed bars with the diameter of 20 mm, the axis of which was 30 mm away from the bottom layer of the slabs. Vertical reinforcement in form of two trusses made of smooth bars with the diameter of 6 mm welded to a bar with the diameter of 20 mm was used for five slabs, i.e. P1, P2, P3, P4, P6 (Fig. 6a) .
Four types of the joint surface were made for the composite slabs ( Fig. 6b ): a smooth surface -levelled with a trowel (P1, P6), a smooth surface made using a mould made of shuttering plywood (P3), with 5/5 mm indentations every 50 mm made as a mould cast made of shuttering plywood (P5) and with adhesion removed at the entire width of the cross section (P4) and with adhesion removed at the partial width of the cross section (P6).
The width of the joint was the same as the width of the slabs and was limited in one case to 200 mm (P6 slab).
P  
The extensive research programme of the slabs was designed covering ten phases of loading, marked, respectively, with numbers between 1 to 10 ( Table 1) . Two types of loading were distinguished between during the phases, i.e. cyclic loading (phases 1, 2, 3, 4 and 7, 8, 9, 10) and monotonic loading with controlled unloading (phases 5, 6). Irrespective of the loading phase and type, the slabs were loaded with the concentrated force Q applied in the middle of the span and acting in a vertical direction. Cyclic loads consisted in applying a small load to the slab several times alternately with the negative sense -when the force Q was directed downwards -and with the positive sense -when the force Q was directed upwards. Slab deflection at the centre of the span was forced this way (slab deflection in the point) within the range of -A to A. The value A called amplitude was assuming the following values in the subsequent phases: 0.1 mm, 0.5 mm, 1 mm and 2 mm.
Monotonic loading with controlled unloading consisted in loading the slab with the substantial force Q directed downwards and then in unloading the slab. The condition of the slabs after loading with monotonic force were changing as cracks were occurring caused by bending moments or as the bottom layer was displacing relative to the top layer.
Three conditions of the slabs were differentiated. The condition "0" was assumed to be a condition prior to commencing monotonic loading, i.e. a condition while performing cyclic loads for phases 1, 2, 3, 4. The condition "I" was marked as the slab condition obtained during the 5th phase of loading, i.e. after applying a force designated as Q I to the slab. Efforts were made that the value of the load Q I corresponds approximately to a half of the maximum load, designated as Q II and was applied in the 6th phase of loading. The condition of the slab after applying the maximum load was designated as the "II" condition. The cyclic loads of phases 7, 8, 9 and 10 were, therefore, applied to the slabs in the "II" condition.
T  
The following values were measured when testing the slabs: the loading force (Q - Fig. 7a ), the deflection of an element at the centre of the span (y - Fig. 7a ), relative horizontal displacements of the top layer in relation to the bottom layer (w ip , w 1 , w il , i=2. . . 7 - Fig. 7b ), the strains of the side surfaces of the vertical reinforcement bars according to which the following forces were determined: F pil , F pip , i=2. . . 6 ( Fig. 7c) as well as the strains of span reinforcement at the centre of the span, according to which the force F s in such reinforcement was determined. The indices in the designations of measurements of layers displacement and forces in vertical reinforcement contain information about the symmetric side of the loaded slab and the index " p " signifies the right side and " l " the left side. Besides, supplementary investigations were planned for concrete and steel.
R   
The deflections and displacements were recorded by means of equipment ensuring the graininess of the displacements measured of 0.001 mm. The graininess resulted from the parameters of an analogue-to-digital converter, not from the accuracy of readings of the induction sensors. The maximum measured displacement value was 20 mm. Hence, the range of the displacements presented at the individual phases of loads varies between 0.001 mm to 20 mm. 
S       
All the slabs under the load Q II reached substantial deflections or their load capacity was coming to an end, whereas in the case of the slabs P1, P4 and P6, delamination occurred after applying the force Q II . The values of the forces Q I and Q II and of the deflection y I , corresponding to the force Q I , are listed in Table 2 . Deflections under the load Q II were not given as the measurement of displacements with the substantial deflections of elements could not have been made. Fig. 8 shows charts illustrating the distribution of horizontal displacements of the top layer in relation to the bottom layer in dual-composite slabs loaded with the forces Q I in the 5th stage of loading. The values marked with points were measured with sensors and the continuous lines only interpolate, in a linear manner, the distribution of displacements between the points. A sensor showing the highest displacement values is highlighted in the charts for each slab. Fig. 9 shows the recorded displacements of the sensors w ip in the 5th phase of loading, i.e. with loading rising from 0 to the value Q I and lowering again do zero. It can be concluded by analysing the progress of the presented relationships w ip (Q) (i=1,..,5) that, in the case of all the slabs, they are characterised by the occurrence of hysteresis loops, i.e. the loading line does not coincide with the unloading line, and that permanent displacements remain in the joint after unloading. It was also noted that, all the sensors showed displacements almost from the very beginning of loading. All the lines w ip (Q) within the range of displacements of 0 to approx. 0.1 mm are similar to straight lines. This finding confirms an assumption made in the contact layer model providing that a proportion between elastic strains and inelastic strains is constant at small displacements with the rising load. The shape of the loops obtained can be assigned to one of two groups. The first group encompasses the curves corresponding to the P3 and P5 slabs, in which the line w(Q), corresponding to loading and unloading, has a curve similar to parallel lines. Hysteresis in this group of curves w(Q) results from the progress of strains in the first phase of slabs unloading when a decrease in the value of the loading force Q does not change the displacement of the top layer in relation to the bottom layer.
The other group of curves w(Q) is represented by curves corresponding to the slabs P1, P4 and P6. The loading process in this group consists of two sections. The first section, where the line w(Q) corresponding to the loading process is inclined under a large angle to the horizontal axis, and the second section, where the line is inclined under a small angle to the horizontal line. The slab w(Q) inclination angle changes when the displacement of the bottom layer relative to the top layer reaches a displacement value of approx. 0.1 mm. The section of the line w(Q) corresponding to unloading is running parallel to the first section of the loading process.
The above findings allow to conclude that neither the joint type nor the loading value decide whether the curve w(Q) belongs to a particular group. The decisive parameter here is the displacement value. If maximum displacement is smaller than approx. 0.1 mm, then this curve belongs to a group represented by curves corresponding to the slab P3 (Fig. 9b) and if higher than approx. 0.1 mm, then this curve belongs to a group represented by curves corresponding to the slab P6 (Fig. 9e) . Fig. 10 presents the values of forces in the bars of vertical reinforcement calculated based on the measurements of strains. The values for the slab P3 correspond to the load Q I . In the case of slabs P4 and P6 under the Q I load, the values of forces in vertical reinforcement exceed the limit of proportionality between the force and strains and such a limit, for bars with the diameter of 6 mm, was determined based on investigations as 10.05 kN. For this reason, the values of forces were determined for the slab P4 in vertical reinforcement under the load Q=25 kN and under the load Q=35 kN for the slab P6. In addition, linear dependencies between the strain and the force in the vertical reinforcing bars were also corresponding to such loads.
Strains in reinforcement
Tensile forces were generally occurring in the slab P3 in the vertical reinforcement bars (Fig. 10a) . Tensile as well as compressive forces were occurring in the vertical reinforcement bars of the slab P4 and P6 (Fig. 10 b, 10 c) . The bars of this reinforcement plasticised in the slab P4 under the load Q of approx. 25 kN and in the slab P6 under the load of approx. 35 kN. Plasticisation occurred when the displacement of the top layer in relation to the bottom layer was approx. 0.1 mm.
Vertical displacements in the point
The chart shown in Fig. 11a presents slab deflections in the point of application of the load (y) according to the loading force (Q) in the 5th phase of loading (the loading force increases from 0 to Q I and unloading to 0). The curves reveal that internal non-conservative forces are performing work for displacements, as signified by the remaining permanent deflection. In addition, the inclination of the line y -Q is different for individual elements which is related to the varied stiffness of such slabs. The stiffness of the slabs, as it is proved below, depends on the type of the joint surface. Fig. 11b shows the following relationship: the values of the force in the bar of span reinforcement (N s ) according to the loading force (Q) in the 5th phase of loading. The chart reveals that the limit of proportionality of strains to force was not exceeded in the bar of the main reinforcement for neither element and the limit for bars with the diameter of 20 mm is 147.77 kN (see the results of supplementary investigations). 
S    
Cyclic loads were performed for slabs in the "0" condition and "II" condition. The loads were performed by forcing several times the displacements of slabs (y) in the point of application of the force Q over the range of -A to A. It was noted for all the slabs that the values measured were stabilising over the subsequent cycles, hence forming hysteresis loops. Fig. 12a illustrates an example of how a stabilised hysteresis loop is being formed by the sensor w 5p in the slab P4 with the exciting force changing by the value ∆Q and with the corresponding change of displacement of the bottom layer in relation to the top layer by the value ∆w. Fig. 12b shows how a corresponding stabilised hysteresis loop is being formed for the value y when the exciting force changes by the value ∆Q and with the corresponding change of displacement by the value ∆y. A field of the stabilised hysteresis loop in the system of coordinates (y, Q) for a dual-layer slab is designated by ψ Q,w,m (Fig. 12b) . The corresponding field for a monolithic slab is designated by ψ Q,m . Stabilised hysteresis loops are considered further in the article only. Displacements in the joint of the slabs subjected to cyclic loads were measured in all the tested elements, however, the displacements of the bottom layer in relation to the top layer in the slab P1 in the "0" condition at the amplitudes A of 0.1 mm, 0.5 mm and 1 mm and in the slabs P3 and P5 for all the cycles, were lower than the measuring resolution of the apparatuses of 0.001 mm. Hence, Fig. 13 illustrates only displacements in the joint for the slabs P4 and P6 and displacements of the slab P1 for the chosen cycles. A hysteresis loop for a given condition of the slab for various amplitudes is provided on each of the charts. The loops presented refer to the sensors showing the highest displacements for a given slab and these are the following for the individual slabs (ct. Fig. 8b ): P1 -w 4p , P4 -w 5p , P6 -w 4p . A variation of the exciting force ∆Q and the corresponding variation of bottom layer displacement in relation to the top layer ∆w was determined for each of the hysteresis loops. Likewise, the hysteresis loop charts for all the slabs were made for vertical displacement in the point and were shown in Fig. 14 . The difference of vertical displacements ∆y and an area of the stabilised hysteresis loop ψ Q,w,m (ct. Fig. 12b) were determined for such loops. The values ∆Q, ∆w, ∆y and ψ Q,w,m for dual-layer slabs and the value ψ Q,m for a monolithic slab for the slab condition "I" were collated in Table 3 . The corresponding values for the "II" slab condition are listed in Table 4 . The shape of the hysteresis loop Q(y) obtained in the plate P2 is similar to the shape of the hysteresis loop moment -curvature of M(κ) in studies of monolithic reinforced concrete beams [6] .
R   
The results of supplementary investigations of concrete are provided in Table 5 , where f c,cube,sr is the average compressive strength of concrete determined by investigating three cubical elements with the side of 150 mm, f c,cyl,sr stands for the average com- Fig. 13 . Hysteresis loops of the displacement of the bottom layer in relation to the top layer for the sensors distinguished in Fig. 8b in the 1st, 2nd, 3rd and 4th phase of loading ("0" slab condition) and in the 7th, 8th, 9th and 10th phase of loading ("II" slab condition) a), b) the "0" condition of the slab P1 (P1-0) and "II" condition (P1-II), c), d) the "0" condition of the slab P4 (P4-0) and "II" condition (P4-II), e), f) the "0" condition of the slab P6 (P6-0) and "II" condition (P6-II).
Fig. 14. Hysteresis loops of slab displacement in the point (y) caused by the load (Q) in the 1st. 2nd. 3rd and 4th phase of loading ("0" condition) and in the 7th, 8th, 9th and 10th phase of loading ("II" condition) a), b) slab P1 -"0" condition and "II" condition, c), d) slab P2 -"0" condition and "II" condition, e), f) slab P3 -"0" condition and "II" condition, g), h) slab P4 -"0" condition and "II" condition, i), j) slab P5 -"0" condition and "II" condition, k), l) slab P6 -"0" condition and "II" condition. pressive strength determined with three φ150/300 mm cylinders, and f ct,φ,sr means the average tensile strength determined in a crack test of three φ160/150 mm cylinders. The secants modulus of the elasticity E cm for the concrete of each layer were determined using one cylindrical φ160/150 mm specimen within the limits of 0÷0.4·f c,cyl . The limit of proportionality of force to the strains of bars with the diameter of 20 mm was 147.77 kN, and of bars with the diameter of 6 mm -10.05 kN. The values of tensile forces for bars were, respectively, 199.24 kN and 12.72 kN.
A   
The purpose of the tests results' interpretation given below is to determine the parameters of the models described in Chapter 2. The following will be estimated for the individual slabs:
• the contact layer stiffness (k q,w ) estimating the substitute stiffness k q,w,z in slabs loaded monotonically and the resultant stiffness k q,w,x in slabs loaded cyclically, • monolithic slab stiffness in the point of application of force (k Q,m ) estimating the resultant stiffness of a model of a monolithic slab with a single degree of freedom (k Q,m,x ), • component stiffness of the composite slab in the point of application of force (k Q,w ) estimating the resultant of the stiffness component of the composite slab model with a single degree of freedom k Q,w,x , • the energy dissipation coefficients χ Q,m and χ Q,w,m .
E    
The distribution of horizontal displacements of the bottom layer in relation to the top layer determined according to a contact layer model is a periodic function (2.2). The amplitude of this function will set a basis for contact layer stiffness estimation.
Under the monotonically growing load, stiffness of contact layer in the continuous contact layer model is represented by the substitute stiffness k q,w,z . Stiffness estimation will be done for stiffness of the contact layer determined according to the following relationship:
where w max is the highest displacement value recorded according to the contact layer length with the horizontal shearing force with the q value. Stiffness of contact layer in the model subjected to cyclic loads is represented by the resultant stiffness k q,w,x , to be estimated by stiffness of contact layer determined according to the following relationship
where ∆q is a variation of horizontal shearing force and ∆w is the highest variation of displacement recorded for contact layer length.
K. G Fig. 15a shows the contact layer stiffness k q,w determined according to (5.1), under the growing load in the 5th phase of loading for the investigated composite slabs. It was assumed that contact layer stiffness (k q,w ) consists of the concrete stiffness of the contact layer designated as k q,w,c and the stiffness of vertical reinforcement in the joint designated as k q,w,s (Fig. 15b) working in the parallel system
Stiffness determined according to monotonic load
The stiffness of vertical reinforcement in the joint k q,w,s , the same as for (5.1), was calculated as 1/3 of the quotient of force projection in vertical reinforcement to hori-zontal direction referred to the length of the composite where the force exists (0.25 m - Fig. 15c ) through the appropriate displacements (Fig. 15c )
The "i" index equal to 5. 4 or 2 was adopted in such a way that the denominator value corresponds to the maximum value of displacement, the same as for the relationship (5.1). Fig. 15d shows the stiffness of vertical reinforcement achieved in the joint under the growing load in the 5th phase of loading. Table 6 lists the stiffnesses determined according to (5.1), (5.3) and (5.4) i.e. k q,w and k q,w,s in the initial phase of loading where stiffness has not substantially changed and the corresponding values correspond to Q I force. The list shown in Table 6 shows that the contact layer produced by joining a smooth surface obtained from shuttering (P3 slab) is characterised by the highest stiffness, and the lowest value applies to a layer produced by joining a smooth surface -levelled with a trowel (P6 slab) with cement wash released on the surface. The stiffness of the layer produced based on a smooth surface is approx. five times higher than the stiffness of the layer made by joining a surface with indentations (P5 slab). This finding is contrary to the one expected. It is the author's opinion that the explanation for this is that the 5/5 mm indentations were filled with concrete with lower stiffness or that the concrete of the top layer has not filled tightly the indentations made in the bottom layer. The chart in Fig. 15a shows that the contact layer stiffness k q,w is not a permanent parameter and its value is decreasing along with a growing load.
Roughly, a double decrease in the value of k q,w was observed within the investigated range of loads in the case of a layer produced by joining the following surfaces: a smooth surface produced as a mould casting -the P3 slab -(from approx. 125 GPa to approx. 63 GPa) and a surface with indentations -the P5 slab -(from approx. 26 GPa to approx. 15 GPa). In the case of a smooth trowelled surface on which cement wash has released about a tenfold decrease was seen from approx. 0.43 GPa to approx. 0.06 GPa in the P6 slab and from approx. 34 GPa to approx. 3 GPa in the P1 slab. The similar phenomenon was discussed in [7] . Another remark important from a practical point of view is the small impact of vertical reinforcement on contact layer stiffness. For example, the impact is less than 1% ((0.401/125)·100%) for a smooth surface produced with a mould -the P3 slab.
Stiffness determined according to the cyclic load
The resultant stiffness of contact layer (k q,w,x ) was estimated with the contact layer stiffness (k q,w ) according to (5.2). The value ∆q and the corresponding values ∆w were taken from Table 3 for the "0" condition and from Table 4 for the "II" condition. The determined stiffnesses of slab k q,w for the "0" condition are listed in Table 7 and in Table 8 for the "II" condition. The stiffnesses k q,w determined independently of the analysed condition of the slabs are decreasing as amplitude A is growing. The lowest stiffness of the contact layer was seen for the slab P1 being in the "II" condition with the amplitude of A=2 mm, when k q,w was 0.779·10 9 N/m 2 . The highest stiffness of 69.1·10 9 N/m 2 was managed to be determined for the slab P1 being in the "0" condition with the amplitude of A=2 mm.
The contact layer stiffness of the slabs P3 and P5 was much higher, but, as there was no measurement of displacements smaller than 0.001 mm, the contact layer stiffness (k q,w ) of the slabs under cyclic loading was not determined successfully. A variation of contact layer stiffness k q,w of the slabs P1, P4 and P6 is shown in a chart in Fig. 16a . It was revealed after analysing the results from Fig. 16a that contact layer stiffness k q,w of the slabs is a function of amplitude (A) and that this relationship can be interpolated with the exponential curve (Fig. 16b) (5.5) k q,w (A) = k 0,q,w e −βA , where k 0,q,w is the initial contact layer stiffness, and the exponent β describes the disappearance of contact layer stiffness as the amplitude A is growing. The k 0,q,w value in the elements P4 and P6 in the "0" condition and in the "II" condition was determined as constant and equal 4·10 9 N/m 2 . It was not possible to determine k 0,q,w in the P1 slab in the "0" condition due to bottom layer displacements in relation to the top layer smaller than the apparatus' measuring resolution. Stiffness k 0,q,w of the P1 slab in the "II" condition decreased to 2·10 9 N/m 2 due to slab delamination.
E             
The resultant stiffness of a composite slab model with a single degree of freedom where ∆Q is a variation of the excitation force and ∆y is the corresponding variation in vertical displacement. The stiffnesses of the slabs corresponding to the "0" condition were determined according to the values ∆Q and ∆y originating from Tab. 3 with the stiffnesses given in Tab. 9. On the other hand, the stiffnesses of the slabs corresponding to the "II" condition were determined according to the values ∆Q and ∆y derived from Tab. 4 with the stiffnesses given in Tab. 10. In addition, a stiffness component for which the contact layer (k Q.w ) is responsible is provided in Tab. 9 and Tab. 10 determined according to the relationship (2.13).
Table 9
The calculated stiffnesses of composite slabs in the point (k Q,w,m ) and in the monolithic slab (k Q,m ) according to (5.6) expressed in GN/m in the "0" condition.
Loading phase (amplitude A) The determined stiffnesses of the composite slabs k Q,w,m and of the monolithic slab k Q,m decrease according to the amplitude as shown in Fig. 17a . The calculated component stiffnesses of the composite slabs k Q,w accompanied by delamination when reaching the force Q II , i.e. the slabs P1, P4 and P5, also decrease as the amplitude is growing. On the other hand, in the case of the composite slabs P3 and P5 that were not accompanied by delamination after reaching the force Q II , a variation in the stiffness k Q,w according to the changing amplitude is not certain. The stiffness k Q,w determined in such slabs, with the amplitude changing from 0.1 mm to 0.5 mm, decreased and with the amplitude changing from 1 mm to 2 mm, the determined stiffness k Q.w was approximately constant. In any case, the impact of the stiffness k Q,w on the stiffness k Q,w,m for such slabs is not significant. The stiffnesses k Q,w , determined according to the amplitude (A) are shown in Fig. 17b . Fig. 17 . The stiffnesses of slabs in the "0" condition and "II" condition as the variables dependent on the amplitude (A) a) stiffness of composite slabs in the point (k Q,w,m applies to the slabs P1, P3, P4, P5, P6) and stiffness of a monolithic slab in the point (k Q,m applies to the slab P2) estimating the stiffnesses k Q,w,m,x and k Q,m,x b) the component stiffness of the slabs for which the contact layer is responsible (k Q,w ).
S           
The analyses performed to date show that the component stiffnesses of a composite slab in the point k Q,w depends on two parameters. The first one is contact layer stiffness (k q,w ) and the other amplitude (A).
The impact of stiffness k q,w on stiffness k Q,w was analysed on a chart made in the coordinates k q,w -k Q,w (Fig. 18) . A relationship (k Q,w -k q,w ) determined in the investigations of the composite slab numerical model was applied on the chart with continuous line. Points were next applied on this chart determined in laboratory investigations of composite slabs subjected to cyclic and monotonic loads. In the case of cyclic loads, points were applied corresponding to the smallest examined amplitudes (A=0.1 mm). In the case of monotonic loads, the points were applied that were recorded in the first phase of loading, when the loading force was approx. 15 kN. It was noticed that the points corresponding to the "0" condition of the composite slabs are concentrated around the line determined in numerical investigations or are situated just below this line. For this reason, the values k q,w obtained in numerical calculations and with small loads are associated with the initial stiffness of the joint k 0,q,w (relationship 5.5 and Fig. 16b) . The impact of the amplitude (A) on the stiffness k Q.w was analysed by using the finding providing that in the case of the slabs the destruction of which is accompanied by delamination, the stiffness k Q,w is decreasing along with the amplitude. The relationship k Q,w from the amplitude was described by introducing initial stiffness k 0,Q,w and by estimating a decrease in stiffness according to the exponential function
The value k 0,Q,w can be, in the case of slabs with the height of the bottom and top layer of h d =0.07 m and h g =0.11 m, within the stiffness range k q,w between 5·10 8 N/m 2 to 5·10 11 N/m 2 , determined according to the following relationship (2.14). The value of the parameter λ, determined with the method of least squares, changes within a very wide range and depends on the range of amplitudes it is to describe. For instance, the value λ in the slab P1 assumes the value from 1800 for the amplitude A for the range of 0.5÷2 mm up to 9100 for amplitudes ranging between 0.1 to 0.5 mm.
The value would certainly be higher if the data acquired for even smaller amplitudes could be interpolated.
The stiffness model k Q,w described here will be used in the next publications to describe the non-linear vibrations of composite slabs. The parameter λ for the amplitudes smaller than 0.1 mm can be estimated for the investigated vibrations of composite slabs.
E             
Energy dissipation in a model of a reinforced-concrete composite slab occurs due to the strains of elastic and frictional elements describing non-conservative forces in the elements modelling a monolithic slab and in the elements describing the influence of the contact layer. The dissipation coefficient χ Q,w,m is a measure of the quantity of dissipated energy to total energy in the composite slab. If the stiffness k Q,w is much greater than the stiffness k Q,m , as it happens in case of the investigated slabs, then the relationship (2.7) can be used for estimating the value χ Q,w .
The values of energy dissipation coefficients (χ Q,w,m and χ Q,m ) were estimated according to the following relationship (2.4) and (2.6). The surfaces of the hysteresis loops ψ Q,w,m and ψ Q,m necessary for determining the energy dissipation coefficients are taken from Tab. 3 for the "0" condition and Tab. 4 for the "II" condition. The fields V Q,w,m and V Q,m were determined as the product of relevant ∆Q by ∆y provided also in Tab. 3 and Tab. 4 . The values of the energy dissipation coefficients obtained for the "0" condition are listed in Tab. 11, and for the "II" condition in Tab. 12. The following conclusions can be drawn by analysing the charts illustrating the relationships between the energy dissipation coefficients and the amplitude given in for the slabs being in the "0" condition exist for smaller amplitudes signifying that its value is falling along with decreasing contact layer stiffness. Meanwhile, in the case of the slabs being in the "II" condition, the value of the coefficient is approximately similar. The monolithic slab dissipation coefficient value is smaller than the composite slabs dissipation coefficient value. The amount of energy dissipated in the slabs being in the "0" condition depends on the contact layer, and, to a smaller extent, the dissipation of energy in the bottom and top layer.
S
The existence of a joint in reinforced-concrete composite slabs is interpreted as the occurrence of a contact layer in a monolithic slab. The article discusses a model of a contact layer [3] and of a composite slab [4] that considers the linear and elastic properties of such layer and internal friction.
The investigations discussed here, referring to slabs with the width of 0.59 m and height of 0.18 m and span of 3.00 m, indicate that the stiffness of such layer depends, which is obvious, on the type of the joint and on the loading on the element. The lowest stiffness was experienced for a joint made using a smooth trowelled surface on which cement wash was released. Stiffness of contact layer for such slabs was decreasing ten times from 33 GPa in the initial phase of loading to 3 GPa, when a half of the destructive load was applied onto the slab. The greatest stiffness was seen for a joint made using a surface produced as a casting of a smooth mould. Contact layer stiffness for such slabs was decreasing slightly from approx. 125 GPa in the initial phase of loading to 63 GPa, when roughly a half of the destructive load was applied. The impact of the vertical reinforcement connecting the bottom and top layer on contact layer stiffness, with 0.04 % of vertical reinforcement, was estimated at between 1% to 3%.
The slabs featuring higher joint stiffness were characterised by greater energy dissipation. The slabs where the joint was made using a smooth trowelled surface on which cement wash was released, delaminated.
The existence of a joint in actual slabs was interpreted with a model of a composite slab with a single degree of freedom, as the serial connection of monolithic slab stiffness and of stiffness describing the influence of the contact layer. The stiffnesses were approximated in the investigations with the stiffness of the slabs in the point of application of force. The stiffness of a monolithic slab in the point of application of force was approx. 30 GN/m. The stiffness describing the influence of the contact layer was dependent upon loading and was between 26 GN/m to 208 GN/m for a smooth trowelled surface on which cement wash was released. The stiffness describing the influence of the contact layer in the slabs that did not delaminate was two times higher than the stiffness of the monolithic slab.
A decrease in contact layer stiffness and in the stiffness describing the influence of the contact layer along with the growing load can be described with an exponential function.
The results of the investigations described indicate that the structure of the contact layer models and composite slab models adopted in the papers [3] , [4] is correct.
Moreover, the findings made constitute a basis for a method being established of assessing the condition of the joint in composite slabs by estimating the parameters of such models.
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